To identify initial changes and progression of late onset cataract of UPL (Upjohn Pharmaceuticals Limited) rat, cataractous lenses were evaluated ophthalmoscopically, histologically, and by Raman spectroscopy. Pathol 9: 73•`84, 1996) 
The UPL (Upjohn Pharmaceuticals Limited) rat is a new hereditary cataract model derived from the Sprague-Dawley rat1,2. The UPL rat cataracts are inherited as an autosomal dominant trait with a different age of expression in the homozygous, early onset (E-type) and heterozygous, late onset (L-type), states. The E-type rats have formed cataracts when their eyes open. Microphthalmos, microphakia, synechia, and buphthalmos are also observed. An abnormality of elongation of the lens fibers was observed in the E-type lens during fetal development (not published). Lens opacity in the L-type rats develops after birth as a vesicular opacity in the anterior suture at approximately 3 weeks of age. Mature cataracts are present by 11 weeks of age1,2. The water content of the whole lens was determined to be increased after cataract development (not publi shed). The water content of the lens was not in creased before cataract development and it is not known whether an increase in water content was related to the formation of the cataract or the result of the cataract.
Laser Raman spectroscopy has been used to study the lens constituents in both normal and catar acterous lenses3-9. The use of laser Raman spectros copy has the advantage of being able to study lens opacification, in situ, at the molecular level10-12.
In the present study, ophthalmoscopical and The UPL rat strain was maintained as a closed colony at the Upjohn Pharmaceuticals Limited, Tsukuba Research Laboratories. L-type rats were produced by mating an E-type rat and a normal UPL rat (N-Type). The resulting litter had all L-type pups. Mating of two N-type rats resulted in all N type pups1,2.
Ophthalmoscopic and histological examination
The lenses of the L-type rats were examined using a direct ophthalmoscope and a slit lamp microscope and were classified into 5 stages (stage 0, I, II, III, and IV) of cataract development.
The rats were killed by excessive amount of pentobarbital and the. eyes immediately removed and placed in Davidson's fixative (ethanol 30%, formalin 2%, glacial acetic acid 10%) for approximately 20 hours 13. The eyes were routinely processed and paraffin embedded blocks were sectioned and stained with hematoxylin and eosin. The slides were examined by light microscopy.
Raman spectra measurements
The lenses of L-type and N-type rats were examined by laser Raman spectroscopy at 3,4 and 6 weeks of age. The lenses were removed from the eyes, the length of the visual and horizontal axis of the lenses was measured using calipers and they were placed in cuvette cells filled with HEPES medium (pH 7.4, HEPES: 2.383mg/ml, sodium chloride: 7.96mg/ml, potassium chloride: 0.395mg/ml, dipotassium hydrogenphosphate: 0.228mg/ml, glu cose: 0.991mg/ml, magnesium chloride: 0.102mg/ ml, calcium chloride, dihydrate: 0.25mg/ml). Raman spectra were measured at various positions along the visual and horizontal axis. Each Raman spectrum was evaluated at distances relative to the center of lens, which were calculated from actual measurement positions and the visual or horizontal axis length. The laser excitation source was an Ar laser (514.5nm, 400-500mW, model GLG 3200, NEC, Tokyo). The R-1100 laser Raman spectrometer (JASCO, Tokyo) and a R-649 photomultiplier tube (Hamamatsu Photonics, Hamamatsu, Japan) were used for the spectra mea surements.
Results
Ophthalmoscopic examination Figure 1 illustrates the lenses from UPL L-type rats at each stage of cataract development and Fig. 2 shows the ages at which each stage was observed. The lenses which did not have visible alterations were classified as stage 0. The stage I change consisted of a small vesicular opacity in the anterior suture ( Fig.  IA) . Stage I cataracts were usually observed at 2 to 4 weeks of age but were coincident with eye opening in some L-type rats. Approximately 30% of the L type rats did not have a stage I cataract. These rats developed a slight superficial opacity in the equator region of the lens at 2 to 6 weeks of age ( Fig. III) which was classified as a stage II cataract. Stage III cataracts consisted of severe equatorial opacity of the lens (Fig. 1C ) and later, perinuclear opacity ( Fig. 1D ). Stage III cataracts were observed at 4 to 7 weeks of age. The mature cataract, stage IV, was present at 5 weeks of age and older (Fig. 1E ). The average age for stage IV cataract development was approximately 7 weeks.
Histological examinations
The lenses classified as stage 0 by clinical exami nation were histologically normal. Intracellular vacuoles were present in the end of the lens fibers in the anterior suture region of the stage I cataract (Fig.  3A ). In addition, stratified epithelial cells and an irregular arrangement of the lens capsule were obser ved in the suture and equator region (Figs. 3A and 3B). No abnormalities were observed in the cortex of the equator region. The lenses with stage II cata racts had markedly stratified lens epithelial cells, swelling of the lens fiber cells, and large vacuoles in the equator region ( Fig. 3C ). Nucleated cells were often present in the posterior subcapsular region. In stage III lenses, small vacuoles were present in the posterior cortex ( Fig. 3D ). Stratified epithelial cells and large vacuoles were also observed in the equator region. The stage IV lens had mature cataracts which histologically consisted of ruptured and liquefied lens fibers in the cortex (Fig. 3E ). There was no continuity between the affected lens fibers and the stratified epithelial cells. Rupture of lens fibers was observed in most of the cortex, although liquefac tion was found mainly in the anterior subcapsular region (Fig. 3F) . Lacunae of the lens epithelial cells were also present.
Raman spectrum measurements The ratio of the intensity of the Raman bands at 3,390 and 2,935 cm-1(I3390/I2935) indicates relative water content7,8,14. The ratios (I3390/I2935) for the lenses of L-type and N-type UPL rats at 3, 4, and 6 weeks of age, are summarized in Figs. 5A and 5B. There were no differences in the water content of the anterior and posterior region of the N-type lenses ( Fig. 5A ) at any age. However, water content was increased in the posterior region and decreased in the anterior region of the L-type lenses from 3 weeks of age and older. There was no difference in water content at the equator region when the L-type and N-type rats were compared (Fig. 5B) .
The ratio of the intensity of the bands at 510 and 495 cm-1 (I510/I495) is indicative of the relative content of disulfide bonds10, 15, 16 . Figures 5C and 5D show the I510/I495 ratios in the lenses of L-type and N-type UPL rats at 6 weeks of age. The center of the N type lenses had the highest disulfide content. How ever, in the L-type lens, the maximum disulfide content was observed in the region slightly anterior from the center portion of the lens. The disulfide content in the anterior region of the L-type lenses was higher than in the same region of the N-type lenses. There was no alteration of the disulfide content in the posterior and equator regions of the lens in the L type rats.
The intensity ratio of the bands at 2,579 and 2,730 cm-1 (I2579/I2730) is indicative of the relative sulfhydryl group content of the lens9,14,17 The mini mum sulfhydryl content of the L-type lens was observed in an area slightly anterior from the center of the lens (Fig. 5E ). There were no alterations in the sulthydryl content in the anterior, posterior or equa tor region of the L-type lenses (Figs. 5E and 5F ).
Discussion
In this study, we examined the initial mor phologic changes and cataract development in the L type UPL rat. The stage I cataract was initially observed at 2 weeks of age. Prior to classification as stage I, there were no morphologic changes and the lenses appeared to grow normally, which in contrast to the E-type UPL rat which had abnormal lens cells during the fetal period (not published). The Cts mouse also has cataracts in the heterozygous and homozygous state with microphthalmos only in the homozygous state18,19. However, in both Cts phenotypes, morphological changes are present in the fetal period20. It appeared that the initial L-type morphological changes occurred in lens fibers rather than in epithelial cells which may be similar to the Several of the L-type rats did not have a stage I cataract but went directly from a clinically normal appearance to stage II cataract. It is possible that these rats had slight microscopic changes that were not visibly detectable.
The formation of vacuoles and the rupture and liquefaction of lens fibers were considered to be the result of hydration. In the Nakano mouse (cac starin), osmotic damage as the resumt of a deficiency of Na-K ATPase occurred in the lens and similar histological findings have been reported 26-28. In the stage II and III cataracts, vacuolation and rupture of lens fiber cells were initially evident in the posterior and equator regions of the cortex. Raman spectra measurements revealed an increase in relative water content in the posterior cortex which suggested that hydration initially occurred in this area. Since water content markedly increased in the mature cataract in the UPL L-type rats (not published), it would appear that hydration spread to the entire cortex in stage IV. The Raman spectroscopic studies demonstrated that sulfhydryl (I2579/I2730) was minimum and disulfide (I510/I495) was maximum in the lens nucleus15,17,29. The Raman spectra indicated that the lens nucleus was shifted to the anterior in the L-type rats. This may have been due to hydration in the posterior region of the lens or to the abnormal elongation of lens fibers. Posterior displacement of the nucleus has been reported in the Cts mouse23, the Ihara cataract rat (ICR)30 and SCR rat22. Displacement to the anterior appears to be unusual and may be a unique feature of cataract formation in the L-type UPL rats. The mechanism of hydration in the L-type UPL rats in unknown. Because disruption of the lens capsule and leakage of crystallins into the aqueous humor in the stage IV lenses were also observed (data not shown), alteration of cell permeability might have occurred. In the ICR model cataract, slight superficial opacity occurred first in the equator region of the lens with posterior opacity as the next step and finally the development of a mature cataract31. The initial alterations observed in the L-type UPL rat may be different from the ICR, however, both appear to have a similar process of lens opacity and the final steps in maturation of cataract may have a common mechanism. In conclusion, the initial changes in the L-type Hydration appeared to spread through the entire cortex of the lens. It was also indicated that the L type UPL rat was a good model for the study of human acquired cataracts.
